Background
Invasion of the central nervous system (CNS) occurs early in the course of HIV-1 infection, but the exact mechanisms of HIV-1 entry to the brain are still under debate [1, 2] . Although very high levels of viremia occur during primary HIV-1 infection, the circulating virus is unable to penetrate the CNS at this time due to the highly restricted permeability of the blood-brain barrier.
However, the blood-brain barrier is permeable to immune cells, which has led to the proposal that HIV-1 might be transported to the CNS by infected immune cells (Trojan horse hypothesis) [1] [2] [3] [4] . The biochemical characteristics of cerebrospinal fluid (CSF), which surrounds brain tissue, may reflect cellular events in brain parenchyma. Therefore, investigations of HIV-1 have used CSF as a surrogate for brain pathophysiologyc events [5, 6] .
HIV-1 is found in the CSF of most infected individuals at all stages of the disease, including primary infection and the asymptomatic and symptomatic (i.e., occurrence of CNS opportunistic diseases) phases [2, 7, 8] . It establishes an active and productive infection, triggering an intrathecal cell-mediated immune response characterized by elevated concentrations of β2-microglobulin and neopterin in the CSF.
HIV-1 infection also induces a humoral immune response in the CNS, as measured by an increased immunoglobulin G index. The highest levels of CSF neopterin are found in infected patients with CNS opportunistic infections or AIDS dementia complex, although asymptomatic carriers may also show moderately increased levels [5, [9] [10] [11] . Therefore, the virus is present at all stages of the disease, irrespective of the development of neurologic symptoms or opportunistic infections [1] .
In patients without opportunistic infections, CSF HIV-1 viral load depends mainly on the plasma viral load and the CSF leukocyte count [7, 12] . However, little is known about what factors may influence CSF HIV-1 viral load in patients with such infections. For example, no correlation has been found between the viral load in plasma and that in the CSF, although some studies have suggested that cell-free CSF viral load correlates with the number of CSF white cells [8, 13] .
However, these studies included a low number of patients with different CNS opportunistic infections (e.g., cerebral toxoplasmosis, cryptococcal meningitis, Cytomegalovirus encephalitis, progressive multifocal leukoencephalopathy, and tuberculous meningitis) that were analyzed together [13] [14] [15] . That is, to the best of our knowledge, no study has considered CSF viral load in the context of a single opportunistic infection.
A more disease-focused approach would avoid such a heterogeneous analysis regarding opportunistic agents, and therefore may better elucidate some of the factors that affect CSF HIV-1 viral load in these diseases. This is particularly important considering that each microorganism has its own virulence factors and a particular pathophysiology that generates an intrathecal immune response that, in turn, may promote CSF HIV-1 replication.
Cryptococcus neoformans is a yeast fungus with two unique characteristics: it produces a polysaccharide capsule, and is neurotropic, being one of the most common causes of meningitis in HIV-1 infected patients [16] . The main virulence factor of this pathogen is the capsular polysaccharide antigen (CCPA), which inhibits both the migration of leukocytes from the bloodstream to an inflammatory site (usually the CNS) and the phagocytosis [17, 18] . Therefore, in cryptococcal meningitis, CSF pleocytosis may be absent or reduced despite the active CNS infection [19] . Considering these particular characteristics, the variables that influence CSF HIV-1 viral load in this disease, with a focus on the CSF leukocyte count, merit further investigation.
CSF leukocyte count is positively correlated with peripheral blood CD4+ T lymphocyte count in asymptomatic HIV-1 infected patients (i.e., those without CNS opportunistic diseases), but this appears not to be the case in symptomatic patients, possibly due to the low CD4+ T cell counts found in this latter population [4, 14] . However, the influence of CD4+ T lymphocyte levels on the development of a cellular inflammatory CSF response has never been investigated in a cohort of patients with cryptococcal meningitis.
In vitro studies have demonstrated that a clinically relevant concentration of CCPA enhances HIV-1 production in H9 cells and peripheral mononuclear cells [20] . Considering this relevant in vitro interaction, it is necessary to investigate the potential correlation between this microorganism burden (CCPA titers) and CSF HIV-1 viral load in a clinical setting.
In this context, we designed an observational prospective investigation to describe the factors that may influence CSF HIV-1 viral load in patients with meningitis caused by Cryptococcus neoformans. The objectives were to evaluate the relationships between: CSF HIV-1 viral load and CSF cytological and biochemical characteristics (e.g., leukocyte count, protein concentration and CCPA titer); CSF HIV-1 viral load and HIV-1 plasma viral load; and CSF leukocyte count and peripheral blood CD4+ T lymphocyte count.
Methods
We conducted a prospective single-centre observational non-comparative study. We prospectively collected and analyzed pre-treatment, paired CSF and blood samples from 34 antiretroviral-naive HIV-1 positive patients with culture-confirmed cryptococcal meningitis at the Fran- CSF cytological and biochemical characteristics, including CCPA titer, were analyzed. All samples were routinely cultured on Saboureaud agar plates to detect fungal pathogens, and in other media to detect mycobacteria (Lowenstein-Jensen) and common aerobic bacteria (blood agar). Patients with positive cultures for pathogens other than Cryptococcus neoformans or evidence of another simultaneous CNS infection were excluded. Paired, pre-treatment CSF and blood samples from 37 HIV-1 infected patients with culture-confirmed cryptococcal meningitis were collected. CSF samples from three patients were excluded due to the diagnosis of a simultaneous opportunistic CNS disease (either Cytomegalovirus encephalitis, cerebral toxoplasmosis, or Chagas' encephalitis). Therefore, the samples from 34 patients were used for the final analysis. The median (interquartile range) age was 35 years (32-42), and 74% of patients were male.
Results
All data are presented as the median (interquartile range), unless otherwise specified. CD4+ T lymphocyte count was 24 cells/mm 3 . The CSF cytological and biochemical characteristics were as follows: leukocyte count, 10 cells/mm 3 (4-23); glucose, 39 mg/dL (32.7-50); protein concentration 0.75 g/L (0.48-1.06); and CCPA titer, 1/100 dilutions (1/10-1/1000). Eighty-five percent of patients had a positive CSF India ink examination.
HIV-1 plasma viral load was higher than CSF viral load, with values of 5.43 log 10 copies/mL (4.96-5.87) and 4.83 log 10 copies/mL (3.77-5.47), respectively (Wilcoxon signed-rank test, p = 0.001). There was no evidence of a statistical correlation between plasma and CSF viral load.
There was a statistically significant correlation between CSF leukocyte count and CSF HIV-1 RNA viral load (r = 0.4, 95% CI = 0.13-0.63, p = 0.01), as shown in Figure 1 . There was not a statistically significant correlation (p > 0.05) between CSF HIV-1 viral load and protein concentration, or CCPA titer (Table 1) .
Finally, a positive correlation was found between peripheral blood CD4+ T lymphocyte count and the absolute CSF leukocyte count (r = 0.44, 95% CI = 0.125-0.674, p = 0.0123), as shown in Figure 2 .
Discussion
Our study demonstrates that CSF leukocyte count is associated with CSF HIV-1 viral load in patients with meningitis caused by Cryptococcus neoformans. Although CSF leukocyte counts were low in our study population, there was a strong correlation between HIV-1 viral load and the number of leukocytes in the CSF. These findings suggest that, while CCPA antigen may inhibit the migration of leukocytes to the CNS [16] , these inflammatory cells still contribute to viral load, and that the viral load of patients with this specific type of meningitis cannot be attributed to a spillover of virus from the plasma.
Cryptococcal meningitis is a chronic disease with an indolent course until the patient develops clinical symptoms. The chronicity of this process, with the development of a CSF inflammatory response, provides an environment for independent viral replication. The infiltrating leukocytes (which are predominantly lymphocytes) may harbour HIV-1 and thus constitute an exogenous source of the virus, contributing to the viral load at this site [13] .
Our study also shows that viral load in cryptococcal meningitis is higher in plasma than in CSF, although no correlation was found between the plasma and CSF HIV-1 RNA viral loads. This is not unexpected, considering that such a correlation was described in patients with CD4 counts of >200 cells/mm 3 and the median CD4 T cell count of our population was 24 cells/mm 3 [7, 12, 21] .
In vitro studies have shown that antigens from certain opportunistic organisms, such as CCPA from Cryptococcus neoformans, may promote viral replication [20] . This suggests that the presence of this organism (or its antigens) could directly enhance viral replication in addition to promoting an inflammatory response in the CNS. However, in the clinical setting of our investigation, no correlation was found between CCPA titer and CSF HIV-1 viral load in the linear regression analysis; that is, a higher antigen titer did not correlate with a higher viral load. Therefore, our study tentatively suggests that the microorganism burden associated with a given CCPA titer may not be a determining factor of CSF HIV-1 viral load in vivo. To the best of our knowledge, this is the first study to assess the relationship between the levels of an opportunistic pathogen in CSF and HIV-1 viral load in a clinical setting.
A positive correlation was found between peripheral CD4+ T lymphocyte count and CSF leukocyte count. This finding is unexpected, considering the suppressed immune systems and modest CSF pleocytosis of our patient population. These results suggest that, despite the advanced level of immunodeficiency observed in patients with meningitis by Cryptococcus neoformans, peripheral blood CD4+ T lymphocyte counts influence the cellular response in the CSF.
Our study has several limitations. First, we used CCPA titer in the linear regression analysis to evaluate the correlation between the disease burden of this pathogen and CSF HIV-1 RNA viral load. Although previous reports demonstrated a strong correlation between cryptococcal colony-forming units in quantitative cultures and this antigen titer as measures of microorganism load in CSF [22] , the first parameter would have been more accurate for our linear regression model. Second, we did not measure cytokines in the CSF. Some molecules, such as TNF-α, IFN-γ, IL-6, and IL-8, are nega- Finally, the observational design of this study (chosen due to ethical constraints regarding the risks of the lumbar puncture procedure) precluded the inclusion of a control group of asymptomatic subjects (i.e., those without cryptococcal meningitis) with which to compare CSF viral loads.
Conclusion
The present study shows that CSF HIV-1 viral load in patients with cryptococcal meningitis is positively correlated with CSF leukocyte count, and not with plasma viral load. The CSF cellular response may depend in part on the peripheral blood CD4+ T lymphocyte count, despite the advanced level of immunodeficiency observed in these patients, as a positive correlation was found between both variables. Further investigations are needed to elucidate the relationship between other CNS opportunistic infections and CSF HIV-1 viral load.
